Rats were injected with [3H]leucine, and at various times thereafter labelled albumin was isolated by electrophoresis from their livers and blood plasma. The specific radioactivity of each protein was determined by spectrophotometry and liquid-scintillation spectrometry. Intrahepatic albumin was shown to be identical with plasma albumin by its electrophoretic mobility and antigenicity. It was found that intrahepatic albumin was the direct precursor of plasma albumin. Comparison of their specific radioactivities showed that intrahepatic albumin attained a higher specific radioactivity before plasma albumin. When plasma albumin reached its maximum specific radioactivity, that of intrahepatic albumin had decreased to a similar value. Thereafter, the specific radioactivity of intrahepatic albutmin remained lower than that of plasma albumin.
It is well established that normally-occurring plasma proteins, except the y-globulins, are synthesized by the liver. This unique function was proposed by Madden & Whipple (1940) , who observed that dogs whose livers were deprived of portal blood were unable to form significant amounts of plasma proteins. Miller & Bale (1954) showed that the isolated perfused rat liver incorporated labelled amino acids into plasma proteins of the perfusion medium. Campbell & Stone (1957) fouind that liver slices synthesized labelled albumin when incubated with [14C] glycine and Wise & Oliver (1966) injected rat embryos with 14C-labelled algal-protein hydrolysate and observed incorporation of the label into foetal plasma proteins.
In the above studies conclusions were drawn from observations on proteins in the blood, but not from proteins in the liver. However, Peters (1962) followed 14C-labelled albumin through the various intracellular compartments within the liver. Intrahepatic albumin was Pennel (1960) . The sediment produced by 50%-saturated (NH4)2SO4 was washed once with 50%-saturated (NH4)2SO4 and then dissolved in the original plasma volume of veronal buffer, pH8-6, I005 (Bailey, 1962) . Although the 50%-saturated (NH4)2SO4 fraction of plasma contains mainly globulins (Pennel, 1960) , it has also been shown to contain a significant amount of albumin (Dixon & Webb, 1961; Roche & Derrien, 1946) .
Electrophores8i of protein8. Liver proteins and proteins in the 50%-saturated (NH4)2SO4 fraction of plasma were separated on cellulose acetate (Cellogel; Colab Laboratories, Chicago Heights, Ill., U.S.A.) in veronal buffer, pH8-6, 10-05 and then fixed and stained with fast green dye (LeBouton, 1967 Nuclear-Chicago solubilizer (0-5ml.) (Nuclear-Chicago Corp., Des Plaines, Ill., U.S.A.) was added to each vial (Hansen & Bush, 1967) . The vials were capped and autoclaved at 1150 for 1 hr. to decolorize the dye and solubilize the protein. After cooling, the clear solution was acidified with 0 3 ml. of conc. HCI to decrease initial phosphorescence (Steinberg, Vaughan, Anfinsen, Gorry & Logan, 1958) . Then 15ml. of scintillation solvent consisting of 5g. of 2,5-diphenyloxazole and 0-6g. of 1,4-bis-(5-phenyloxazol-2-yl)benzene/l. of toluene (A.R.) was added to each vial. The vials were placed in the sample conveyor of a mark I liquid-scintillation spectrometer (Nuclear-Chicago Corp.), where they were left at 00 overnight before being counted.
All samples were counted to a pre-set value of 10000 counts and background was automatically subtracted. The counting channels were operated at balance point and discriminators were set from 0-5v to 9-9v to include the entire energy spectrum of tritium. Counting efficiency was determined by the channels-ratio method (Bush, 1963) . The majority of samples were counted at near 30% efficiency.
Immunological identification of albumin. Duplicate samples of liver supernatant fluid, whole plasma and the 50%-saturated (NH4)2SO4 fraction ofplasma were separated by electrophoresis on cellulose acetate as described above. One strip from each duplicate sample was fixed and stained, while the other strip was kept frozen on solid CO2. The unstained strips were removed from the solid CO2 and aligned on a glass plate so that the origin of each was opposite that of its stained duplicate. The area on the unstained plasma strip corresponding to the albumin band on the stained plasma strip was cut out, rolled up and placed in one of the peripheral wells of an immunodiffusion plate (Mann Research Laboratories, New York, N.Y., U.S.A.). Unstained areas from the liver supernatant fluid and the 50%-saturated (NH4)2SO4 fraction of plasma were treated similarly. Each peripheral well was filled with 0-1ml. of 0 15M-NaCl, and the centre well contained 0 1ml. of a rabbit antiserum to rat serum (Mann Research Laboratories). The plate was developed at room temperature for 2 days.
As a check on the efficacy of protein removal the remains of each unstained strip were stained in the normal manner. In every case the desired protein band was shown to have been removed.
RESULTS
The average amounts of plasma albumin and intrahepatic albumin measured by spectrophotometry of the bound dye were 10 8,ug. and 5 9,ug.
respectively. These values were within the linear part of the standard concentration-extinction plot that conformed to Beer's law.
The results of a typical immunodiffusion plate are shown in Fig. 1 . Two precipitation lines were formed by the interaction of the antiserum and albumin from whole plasma; the smaller of these lines did not exhibit a reaction of identity with any of the other lines on the plate. However, the larger of these two lines exhibited a reaction of identity with intrahepatic albumin from the liver supernatant fluid; this line was continuous with the precipitation line from albumin in the 50%-saturated ammonium sulphate fraction of plasma. Fig. 2 (-) and plasma albumin (0) as functions of time after injection of [3H]leucine into rats. Albumins from the liver supernatant fluid and from the 50%-saturated ammonium sulphate fraction of plasma were isolated by electrophoresis on cellulose acetate. The proteins were fixed and then stained with fast green dye. Stained albumin bands were cut from the cellulose acetate and their protein content was determined by spectrophotometry of the bound dye. Radioactivity of protein in the bands was measured by liquid-scintillation spectrometry. Each point is the average of two determinations.
equal to that of plasma albumin. Thereafter, the specific radioactivity of intrahepatic albumin remained below that of plasma albumin. The halflife of intrahepatic albumin is estimated from Fig. 2 to be 70-80min.
From 18 determinations, plasma albumin migrated an average of 4-8cm. in 3hr., which is a rate of 2-2 x 10-5cm./sec./v/cm. Intrahepatic albumin migrated an average of 5-lcm. in 3hr., the rate of migration being 2-4 x 10-5cm./sec./v/cm. DISCUSSION Intrahepatic albumin has previously been identified by immunoelectrophoresis (Hase & Mahin, 1965) , immunoprecipitation (Peters, 1962) , amino acid composition (Muller, 1964) and the fluorescentantibody technique (Hamashima, Harter & Coons, 1964) . Since in the present study only intrahepatic albumin was of interest among many proteins on the cellulose acetate strip, it was easier to separate the albumin from the other proteins and then identify it by immunodiffusion. This procedure precludes the interference from other proteins encountered with immunoelectrophoresis, and obviates the rigorous preparations required with the fluorescentantibody technique. Peters (1962) found that intrahepatic albumin attained peak labelling about 30min. after injection of [14C]leucine into a rat. This is in complete agreement with the time of highest specific radioactivity of intrahepatic albumin seen in the present study (Fig. 2) . Also, the half-life of intrahepatic albumin in the present work (70 to 80min.) is quite close to the value of 80min. that can be estimated from Fig. 2 of Peters (1962) .
The initial increase in specific radioactivity of plasma albumin 15min. after injection cannot be explained (Fig. 2) . It was at first thought that it could be due to binding of free [3H] leucine by the albumin. However, binding of amino acids like leucine that are neutral at the pH of blood does not occur (Hunter & Commerford, 1955; Lietze, Haurowitz & Turner, 1958) .
Since the initial work by Zilversmit et al. (1943) the concept of the precursor-product relationship has not been extensively utilized, although the desirability of such data has been discussed by Funabiki & Kondutsu (1965) . Inherent difficulties in this approach, as in general protein chemistry, are the problems of isolation and identification. By combining electrophoresis (isolation) with immunodiffusion (identification), the relationship between precursor and product can be observed. Thus, as seen in Fig. 2 , intrahepatic albumin is indeed the direct precursor of plasma albumin.
The migration values (in units of 10-5cm./sec./v/ cm.) of intrahepatic albumin (2.4) and plasma reached its maximum specific radioactivity. After 1-5-2hr., when plasma albumin reached its highest value of 14 disintegrations/min./,ug., the specific radioactivity of intrahepatic albumin was almost albumin (2.2) are much lower than the published value for rat plasma albumin (6.1) in paper electrophoresis (Spector, 1956 ). This is not surprising since, as pointed out by Kunkel & Tiselius (1951) , the path taken by a protein particle under electrophoresis is not the shortest one, but instead is much longer, depending on the tortuosity of the electrophoretic medium. Since cellulose acetate is microporous (Kohn, 1960) , the path taken by a protein particle migrating through it would probably be longer than the path taken by the same protein through relatively coarse-pored filter paper, and hence its apparent migration rate uncorrected for this tortuosity factor would appear smaller.
